Two latin squares were conducted to determine the effects on feed intake and nutrient digestion of adding a ruminal buffer or DL-methionine to supplemental ground corn for Holstein steers (avg BW of 286 and 222 kg in Exp. 1 and 2, respectively) with ad libitum access to bemudagrass hay. In Exp. 1. steers were not supplemented (control) or were given .5 (LC) and HCM, respectively (effects of supplementation and corn level, P < .05). Overall, changes in feed intake and digestion with additions of a ruminal buffer and DL-methionine to corn supplements were not marked; however, buffer addition increased DMI intake to the greatest degree with 1.0% BWld of corn.
Introduction
Adding cereal grains to forage diets can improve ruminant performance, but often forage intake and fiber digestion decline (Hoover, 1986) . Warm-season grasses typically are higher in cell walls than are cool-season grasses, and depressions in fiber digestion with supplemental grain appear inversely related to forage quality (Mould et al., 1983b) . However, similar percentage unit depressions in fiber digestion with corn supplementation of warmand cool-season grasses have been noted (Jones et al., 1988; Brake et al., 1989) .
Because of the low potential digestibility of wann-season grasses, such depressions could be of greater practical concern with warmseason grasses than with cool-season grasses. Hence, methods and additives to elevate forage intake and fiber digestion with tropical grass diets and grain supplements are of great interest. These studies were conducted to determine the effects on feed intake and total tract digestion of adding a ruminal buffer (sodium bicarbonate, B) or DL-methionine (M) to different amounts of supplemental ground corn for Holstein steers consuming bermudagrass hay ad libitum.
Materials and Methods
Experiment I. Five Holstein steers (avg initial and final BW of 248 and 324 kg, respectively) were used in a 5 x 5 latin square study with 14-d periods. Steers were de- Corn and buffer were hand-mixed immediately prior to feeding; supplement amounts were based on BW at the end of the preceding period. Supplements were given in equal amounts at 0800 and 1600; hay was fed immediately after supplement was consumed. Hay orts were weighed and removed each morning prior to feeding. After hay was given at 0800.50 g (air-dry) of a 1 : 1 mixture of trace mineralized salt3 and dicalcium phosphate were offered. On d 9, 75 g of Yb-labeled (Goetsch and Galyean, 1983) hay were mixed with 127 g of unlabeled hay of the 0800 meal; the remaining hay was offered thereafter. Fecal samples were taken on d 11 to 14 at 12-h intervals advancing 3 h daily and were frozen. Later, individual fecal samples were thawed at room temperature. dried at 55'C for 48 h in a forced-air oven, allowed in air-equilibrate and ground through a 2-mm screen. Subsamples were 3C0ntained % to 98% NaCl and more than 3% Fe, .2% taken to form a composite (air-dry basis). Hay composites were formed by sampling once daily on d 8 to 14 and supplements were sampled once each period. Hay and fecal composites were ground through a 1-mm screen.
Composite feed and fecal samples were analyzed for DM, ash (AOAC, 1975) , nitrogen (N) by thermal conductivitf, NDF (Goering and Van Soest, 1970) and AIA (Van Keulen and Young, 1977) . Corn was ground through a screen (850 micron aperture) and treated with amylase (Robertson and Van Soest, 1977) for NDF analysis. Hay composites also were analyzed for ADF, ADL, cellulose and hemicellulose (Goering and Van Soest, 1970) . Individual fecal samples were analyzed for DM and solubilized with acid (Ellis et al., 1982) , and Yb concentration was determined by atomic absorption spectroscopy with a nitrous oxide-acetylene flame.
Feed intake the last 5 d of each period was first analyzed as a split plot in time (SAS, 1982) to check for effects of day and the treatment x day interaction. Because the treatment x day interaction was not significant (P > .lo), feed intake for the last 5 d was averaged. Acid insoluble ash was used as an internal marker to calculate digestion. Particulate passage rate was determined by regressing the natural logarithm of Yb concentration vs time after Yb dosing. Ruminal NDF volume was calculated assuming that particulate passage rate mimicked the rate of NDF passage from the rumen and that postruminal NDF digestion was negligible. The rate of ruminal digestion of potentially digestible NDF (assumed to follow first-order kinetics) was estimated as described by Van Soest (1982) . This employed particulate (Yb) passage rate, intake and fecal excretion of NDF; to measure ruminal NDF volume, we assumed that partic-ulate (Yb) passage rate mimicked rates of ruminal exit of potentially digestible and indigestible NDF.
Data were analyzed considering steer, period and treatment in the statistical model. Orthogonal contrasts (SAS, 1982) were made for effects of supplementation, level of corn, buffer and the level of corn x buffer interaction. Also, differences among individual treatment means were checked by the Least Significant Difference method when the overall treatment F-test was significant ( P < .05; Snedecor and Cochran, 1978 Clark and Peterson (1988) . A 9: 1 mix (as-fed) of ground corn and methionine was prepared before the trial began. Sixty grams of the mineral mix (Exp. 1) was given. Composites of hay and corn samples from each period were analyzed for sulfur (Huang and Schulte, 1985) . All other procedures were the same as those in Exp. 1.
Results

Experiment 1.
Comparison of days among the last 5 d of the period indicated that day did not affect (P > .lo) hay intake. Corn made up 18.5, 18.3, 36.3 and 34.6% of total DMI for LC, LCB, HC and HCB treatments, respectively. Depressions in hay intake with added grain were 36, 25, 59 and 44% of the amount of added corn for LC, LCB, HC and HCB, respectively. Hay DMI in percentage of BW/d was affected by supplementation and corn level (Table 2; P < .05). Likewise, total DMI in percentage of BW/d was higher with than without supplements ( P < .05) and for corn at 1.0 vs .5% BW (P < .OS); DMI tended (P < .06) to be increased by added buffer. The interaction between corn Level and buffer was not significant (P = .46), but numerically the increase in total DMI with added buffer was greater with corn at 1.0 than at .5% BW/d.
Total OM intake (g) was affected by supplementation, level of corn and buffer addition (Table 2 ; P < .05). Organic matter intake increased by 3 and 6% when buffer was given with .5 and 1.0% BW of corn, respectively. Total tract OM digestion was increased by supplementation and level of corn (P < .05), but it did not vary with buffer (P > .lo).
Supplementation and corn level affected (P < .OS) grams of OM digested daily; trends existed for effects of buffer (P < .14) and a buffer x corn level interaction (P < .15). Digestible OM intake was 7.6% higher for HCB than for HC (P < .05) but was similar for L€ and LCB. The lack of effect of buffer on grams of OM digested with the low amount of corn perhaps was due to compensatory changes in intake and digestion.
Neutral detergent fiber digestion ( Table 2) was similar (P > .IO) among treatments.
Grams of NDF digested daily was affected by supplementation (P c .lo), corn level (P < .05) and the corn level x buffer interaction (P < .lo; Table 2 ). Added buffer increased grams of NDF digested with 1.0 but not .5% BW/d of corn. An effect of supplementation (P < .OS) and a trend for an effect of buffer inclusion (P < .06) also were observed in total N intake ( Table 2) . Total tract N digestion was lower (P < .05) for corn at 1.0 vs .5% of BW, possibly because of greater hindgut starch fermentation with the high corn level. Nitrogen disappearance in grams/day varied with corn level (P < .OS) and tended to be affected by supplementation (P < .08) and buffer inclusion ( P < .lo).
Particulate passage rate ( Particulate passage aLC = low corn; LCB = low corn plus buffer; HC = high corn; HCB = high corn plus buffer. kffect: S and s = supplementation ( P < .05 and .IO, rcspcctively); L =level ofcorn (P < .05); B and b = buffer (P < .05 and .lo, respectively); I*b = level of corn x buffer interaction (P < .IO).
tration was similar (Table 1) . Levels of NDF for corn in both experiments appear high (Preston, 1987) . perhaps because of contaminating protein and(or) starch in the NDF residue (Carre and Brillouet, 1986) . In addition, the corn visually appeared to contain small amounts of foreign plant materials. Day of the period affected (P c .05) hay intake, with higher intake on d 13 than on d 10, 11. 14 (P c .OS) and 12 (P c .06). No explanation for this difference is apparent. The treatment x day interaction was not significant (P = .74).
Ground corn made up 8.0, 8.0, 23.0 and 22.2% of total DMI for LC, LCM, HC and HCM treatments, respectively ( Table 3) . Depressions in hay intake with corn supplementation were 42,42,50 and 34% of the amount of added corn for LC, LCM, HC and HCM. respectively. Hay and total DMI were affected by supplementation and corn level (P c .05).
Total DMI for LC and LCM was similar, although intake for HCM tended (P < .17) to be greater than for HC. Organic matter intake varied with treatment similar to total DMI (Table 3) . Digestibility of OM was affected by supplementation and corn level (P c .05; Table   2 ). The slightly higher OM digestibilities for LCM and HCM than for LC and HC were not significant (P > .lo). Grams of OM digested daily were higher with than without supplements and were higher for the high than for the low level of corn (P c .05). Digestible OM intake tended (P c .18) to be greater for HCM than for HC. Total tract NDF digestion was not affected by treatment (P > .lo; Table 3 ), similar to results of Exp. 1. Total tract NDF digestibility did not correlate with DM or NDF intakes (P > .lo). Grams of NDF digested daily was lower for the high than for the low level of corn (P c .05). Nitrogen intake and digestibilities were similar among treatments (P > .1Q Table 3 ). Converse to the slightly higher control treatment OM and NDF digestibilities for Exp. 2 than for Exp. 1, total tract N disappearance was similar between the two aids.
Particulate passage rate (Table 3) was increased by supplementation and was greater with corn at .74 than at .24% BW/d (P < .05). Ruminal NDF volume was 2.41, 2.17, 2.06, 1.99 and 1.88 kg for control, LC, LCM, HC and HCM, respectively (SE .098) and was affected both by supplementation (P c .05) and by corn level (P c .lo). The rate of ruminal it was affected by supplementation (P c .OS) and tended to increase with DL-mehonine addition (P < .15). The contribution of corn NDF to total NDF intake was 1.7, 1.6, 5.3 and 5.1% for LC, LCM, HC and HCM, respectively.
Dircusslon
The absence of depressed NDF digestibility with dietary corn additions contrasts with results of some Hall et al., 1989; Hardin et al., 1989 ), but not all, studies (Jones et al., 1988) of corn supplementation of bermudagrass hay diets. Typically. depressions in ruminal fiber digestion are not severe until grain approaches or exceeds 30% of the diet (Hoover, 1986) . Cellulolytic bacterial counts actually increased when 25% of a hay diet was replaced by barley (Mould et at., 1983b) . Uden (1 984) found that digestion was enhanced slightly by increasing grain up to 30% of the diet but it was depressed with higher grain levels. Low ruminal pH with grain feeding retards growth of fibrolytic bacteria through deleterious effects on energy available for growth, decreased enzyme production or activity and(or) impaired attachment to fibrous digesta (Hiltner and Dehority, 1983; Mould and Phskov, 1983; Mould et al., 1983a,b; Demeyer and Van Nevel. 1986 ). Many fiber-degrading microbes preferentially digest starch rather than initiate fiber degradation processes; this increases lag time of fiber digestion (Mertens and Loften, 1980 Mould and 0rskov, 1983; Mould et al., 1983a.b) . Through effects of pH or substrate specificity, grain feeding selects for amylolytic microbes, which in turn limits numbers of fibrolytic microbes (Mackie et al., 1978; Yokoyarna and Johnson, 1988) . Fiberdegrading and amylolytic microbes compete for nutrients needed for high growth and digestion (el-Shazly et al., 1961; Mackie et al., 1978) ; this competition encompasses both interplay among different microbes and specific microbes capable of using both substrates at different times. The relative importance of these conditions varies with factors such as the level and method of grain feeding (0rskov and Fraser, 1975; Mackie et al., 1978; Hoover, 1986) . Control of pH with ruminal buffers can modulate grain-induced depressions of fiber digestion (Mould and 0rskov, 1983; Mould et al., 1983a,b; Chamberlain et al., 1985; Erdman, 1988) . Erdman (1988) summarized a large number of mals with lactating dairy cows and did not observe marked effects of supplementation with sodium bicarbonate on intake of diets with more than 30% forage. In Exp. 1, buffer feeding reduced the depression in hay intake due to added grain. The tendency for buffer to increase particulate passage rate may have been partially responsible for this effect.
Buffer did not alter the extent of NDF digestion, but the rate of ruminal NDF digestion was numerically increased by buffer supplementation of 1.0% BW/d of corn. The high level of NDF in the hay used and consumption of the long-stemmed form should facilitate high saliva flow and ruminal buffering (Balch, 1971 ) and help to minimize the drop in pH with supplementation. The low amount of nonstructural carbohydrate in the bermudagrass hay could have compensated for some of the negative effects on fiber digestion of factors such as low pH by allowing the addition of corn to increase microbial activity (Hiltner and Dehority, 1983) or enhance synthesis of bacterial glycocalyces for attachment to fibrous digesta (Demeyer, 1981) .
Nitrogen balance was not determined in these studies; however, corn supplementation probably depressed ruminal absorption of ammonia and urinary urea excretion (Chamberlain et ai., 1985) . Fermentation of corn would supply energy and carbon skeletons for microbial growth, and ruminal wall ammonia absorption could be depressed by lowered pH. Thus, without considering possible alterations of microbial growth rate accompanying changes in ruminal digesta outflow rate (Mees et al., 1985; Newbold et al., 1988) , a ruminal buffer conceivably could increase ruminal ammonia loss. Sodium bicarbonate given at levels higher than in the present study depressed ruminal ammonia N concentration with silage diets, presumably by decreasing numbers of protozoa (Chamberlain et al., 1985) .
Rates of ruminal NDF digestion were similar in magnitude to in vitro measures reported for Coastal bermudagrass (Mertens and Loften, 1980) . Mertens and Loften (1980) reported that rates of digestion of Coastal bermudagrass fiber were slightly higher in cultures with 40, 60 and 80% added starch than in cultures without starch. Lag time of fiber digestion was not estimated in the present experiments, but Mertens and Loften (1980) indicated that digestion of bermudagrass fiber was delayed by adding starch to in vitro cultures. In Exp. 2, addition of DL-methionine to supplemental corn tended to elevate the NDF digestion rate and reduce the depression of hay intake from .74% BW/d added corn; this suggests that some ruminal conditions were altered by DL-methionine.
Entodiniomorphid ciliates rapidly ingest large quantities of starch when the starch concentration in the ruminal media is high (Jouany et al., 1988) ; adding grain to roughage diets increases protozoal numbers (Mackie et al., 1978; Chamberlain et al., 1985) . Starch ingestion by protozoa reduces the amount of starch available for bacterial action early after feeding. Protozoal presence limits bacterial amylolytic activity and promotes high bacterial fibrolytic activity (Coleman, 1986; Jouany et al., 1988) . Thus, increasing the number of protozoa could elevate bacterial fibrolytic and depress amylolytic activity and conceivably could minimize deleterious effects of grain on fiber digestion (Mackie et al., 1978; Yokoyama and Johnson, 1988) . Dietary additions of methionine and methionine hydroxy analog have increased numbers of protozoa (Patton et al., 1970; Lundquist et al., 1985) , perhaps because they serve as methyl donors (Patterson and Kung, 1988) .
The rate of methionine synthesis by bacteria may be inadequate for maximal bacterial growth (Salter et al., 1979; Demeyer and Van Nevel, 1986) . Clark and Peterson (1988) stimulated fermentation rate of a grass haybarley straw mix by supplementing with methionine; they suggested that methionine satisfied a microbial requirement. Sulfur supplementation can increase in vitro fiber digestion if low forage sulfur content limits microbial activity (Spears et al., 1976) . Ruminal fungal populations have been stimulated by sulfur fertilization (Akin et al., 1983 ) and methionine supplementation (Gordon et al., 1983 as cited by Gordon and Ashes, 1984) . Further, ruminal fungi are thought to be relatively more important for digestion of warm-season grasses than of cool-season grasses (Akin, 1986) , and sizes of protozoal and fungal populations may relate inversely (Jouany et al., 1988) . In the present study, dietary sulfur levels were .43 for control, .40 for LC and LCM and .35 for HC and HCM, suggesting that sulfur should not limit microbial digestion or growth. Sulfur added with DL-methionine as .016 and .014% of total DMI for LCM and HCM, respectively. However, supplemental sulfur and DL-methionine may have been more! available for use by types of microbes and at times that differed fn>m sulfur and methionine provided by hay and corn.
Changes in ruminal NDF volume with corn supplementation and as corn level increased in both experiments do not support the concept of regulation of feed intake by ruminal digesta fill. Grovum (1988) Extrapolation of results in these studies to animal performance is not possible because energy and specific nutrients absorbed and available to tissues are unknown. For example, adding grain to the low amounts of readily fermentable substrates in tropical grasses may lead to substantial increases in the intestinal flow of microbial nitrogen (Kellaway and Leibholz, 1983) . The degree to which performance would be affected depends on the severity of limitations of feed intake by metabolic conditions such as an amino acid status. However, amounts of absorbed amino acids and energy do not solely control performance. For instance, the capacity of animals to accrete different tissues governs the need for compounds such as NADPH. The increased acetate/propionate ratio in ruminal fluid often occurring with buffer supplementation (Erdman, 1988 ) might accentuate deficiencies of NADPH leading to inefficient acetate metabolism (Black et al., 1987) and limited feed intake, depending on the rate or potential for fat accretion (Weston and Poppi, 1987) .
In summary, buffer supplementation increased digestible OM intake at the high level (1.0% BW) of supplemental corn. The mode of action of buffer may have been via elevated ruminal pH (Erdman, 1988) , although possible changes in ruminal digesta outflow rate and microbial protein outflow (Mees et al., 1985; Newbold et al., 1988) or modified characteristics of bacterial and(or) protozoal populations may have been involved (Thomson et al., 1978; Chamberlain et al., 1985) . Effects of DL-methionine inclusion on intake and digestion were not marked, although a nonsignificant increase in digestible OM intake was observed with .74% BWld of supplemental corn.
lmplicetions
Adding a ruminal buffer to 1.0% BW/d of supplemental corn for growing cattle with ad libitum access to bermudagrass hay increased feed intake. Other buffer levels and characteristics of forage and grain could modulate such changes. Adding DL-methionine to supple-mental ground corn did not affect feed intake or digestion. The potential to modify ruminal conditions to improve forage intake may exist when grains are fed to supplement forage diets. 
